stramenopilean organisms from a mycological perspective are the members of the phylum Oomycota which includes P. insidiosum . Members of this group have heterokont zoospores and produce of sexual oospores. The habitats of these fungal-like organisms are usually aquatic and soil environments. Most species of this genus are plant parasites, but P. insidiosum is known to be an animal pathogen, including mammals and avian hosts [2,3]. While cutaneous and subcutaneous lesions are commonly found in humans and animals [4,5] To investigate the phylogenetic relationship among Pythium insidiosum isolates in Thailand, we investigated the genomic DNA of 31 P. insidiosum strains isolated from humans and environmental sources from Thailand, and two from North and Central America. We used PCR to amplify the partial COX II DNA coding sequences and the ITS regions of these isolates. The nucleotide sequences of both amplicons were analyzed by the Bioedit program. Phylogenetic analysis using genetic distance method with Neighbor Joining (NJ) approach was performed using the MEGA4 software. Additional sequences of three other Pythium species, Phytophthora sojae and Lagenidium giganteum were employed as outgroups. The sizes of the COX II amplicons varied from 558 -564 bp, whereas the ITS products varied from approximately 871 -898 bp. Corrected sequence divergences with Kimura 2-parameter model calculated for the COX II and the ITS DNA sequences ranged between 0.0000 -0.0608 and 0.0000 -0.2832, respectively. Phylogenetic analysis using both the COX II and the ITS DNA sequences showed similar trees, where we found three sister groups (A TH , B TH , and C TH ) among P. insidiosum strains. All Thai isolates from clinical cases and environmental sources were placed in two separated sister groups (B TH and C TH ), whereas the Americas isolates were grouped into A TH. Although the phylogenetic tree based on both regions showed similar distribution, the COX II phylogenetic tree showed higher resolution than the one using the ITS sequences. Our study indicates that COX II gene is the better of the two alternatives to study the phylogenetic relationships among P. insidiosum strains.
Introduction
Pythium species are fungal-like Oomycetes in the kingdom Stramenopila [1] . By far the most important group of mostly found in humans, especially in patients with hematological disorders such as thalassemia and leukemia [6, 7] . Treatment at the early stages of the infection is important before it become life-threatening. Pythiosis is endemic in tropical and subtropical areas and human pythiosis cases are frequently detected in Thailand [8] , but sporadic cases have been also reported in countries such as Australia, Brazil, Haiti, New Zealand, and the USA [9 -11] . On the other hand, animal pythiosis is not found in Thailand [12 -15] .
The phylogeographic distribution of P. insidiosum isolates from different geographic regions was demonstrated by Schurko et al . using internal transcribed spacer (ITS) [16] . Their data revealed the existence of three phylogenetic groups of P. insidiosum , all related to their geographic origins. Recently, phylogenetic analysis of the environmental strains of P. insidiosum from Thailand using the ITS regions revealed that these strains shared phylogenetic features in common with the clinical isolates recovered from humans and animals [17] .
Although there are several advantages for selecting some rDNA sequences for phylogenetic analysis, the use of protein DNA coding sequences together with rDNA sequences is advisable to further validate phylogenetic studies. Among genes encoding proteins, very few reports are available on the use of cytochrome oxidase II ( COX II) gene for phylogenetic studies [18] . Unlike the ITS regions, COX II is a mitochondrial-encoded gene which is generally considered to be more variable than the nuclear DNA. This gene was used to analyze phylogenetic trees of Pythium species and Phytopthora species [19, 20] . In this study, the phylogenetic analysis among isolates of P. insidiosum collected in Thailand based on COX II gene and ITS sequences was investigated to evaluate their performance.
Materials and methods

Strains
Twelve human clinical and 20 environmental isolates of P. insidiosum and three isolates of other Pythium species were used in this study (Table 1 ). All strains were maintained on Sabouraud dextrose agar (SDA, Cat. 64494, BioRad, USA), and potato dextrose agar (PDA, Cat. CM0139, Oxoid, England) at 27 ° C.
DNA extraction
One-week-old colonies of each strain were inoculated into 300 ml Sabouraud dextrose broth (SDB, Cat. 238230, Difco, USA) and incubated at 37 ° C in a shaking incubator with the rate of 155 round/minute (rpm) for 5 days. Prior to DNA extraction, P. insidiosum colonies were killed by Thimerosal (Cat. T2299, Sigma, USA) to a fi nal concentration of 0.02% (wt/v). Genomic DNA was extracted from the hyphal mass using a rapid method [21] . In brief, the hyphal mass after fi ltration was ground in liquid nitrogen, the DNA was extracted with an equal volume of phenol-chloroform-isoamyl alcohol (25:24:1) and then precipitated with 100% ethanol. The DNA pellets were air dried and resuspended in 30 μ l of sterile distilled water. The concentration of DNA was measured with a spectrophotometer (SmartSpec TM 3000, Bio-Rad, USA) at wavelength 260 nm.
PCR amplifi cation
The 580-bp DNA sequence of the partial COX II gene was amplifi ed using the FM58 and FM66 primers (Table 2) as described by Villa et al. [18] . Amplifi cation reactions were carried out with the total volume of 30 μ l of the resuspended DNA pellet, containing 10 -100 ng of genomic DNA, 1x Taq DNA polymerase buffer (100 mM Tris-HCl at pH 8.3, 500 mM KCl, 20 mM MgCl 2 , Enhancer solution), 0.2 mM dNTPs, 0.2 pmol of each primer, and 1 U of iTaq tm polymerase (iNtRON Biotechnology, Korea). These reactions were performed in a ThermoHybrid PCR thermocycle (Ashford, Middlesex, UK) with the cycling profi le of pre-PCR at 94 ° C for 2 min, followed by 35 cycles of 94 ° C for 40 sec, 55 ° C for 30 sec and elongation at 72 ° C for 1.30 min. and fi nal extension at 72 ° C for 10 min. The positive control, P. insidiosum strain CBS 574.85 (MTPI19), was run in parallel. To determine the size of PCR products, the samples were run in 1.5% agarose gel (Cat. 75817, USB, USA) and stained with 0.05% ethidium bromide. The amplifi cation of 800 bp fragment of the rDNA ITS region using universal primers ITS-1 and ITS-4 (Table 2) was performed as described by White et al . [22] .
Sequencing and phylogenetic analysis
DNA sequencing was performed by ' Macrogen ' , Korea using ABI PRISM 377 DNA Sequencher. The amplifi ed products were sequenced in both directions (sense and anti-sense strands) by using the forward and reverse primers listed in Table 2 . The nucleotide sequences were confi rmed as COX II mtDNA of P. insidiosum by blastn comparisons against the data in GenBank and they appear to encode functional product when translated into amino acid using blastx. All sequences of COX II and ITS regions in this study were deposited in GenBank and their accession numbers are given in Table 1 . The sequences of both regions were analyzed by blastn comparisons against the data in GenBank sequences and aligned using the program Bioedit version 7.0.9.0 [23] together with program Mega4 version 4.0 and then inspected by eye [24] . Sequence information of Phytophthora sojae ( Ph. sojae ), and Lagenidium giganteum ( L. giganteum ) were obtained from GenBank databases (Table 1) . These data including other Pythium species were used as outgroups . Genetic distances were calculated by Neighbor-Joining (NJ) and conditional clustering, with Kimura 2-parameter model, using the Mega4 program. Gaps obtained from the sequence alignments were treated as missing data. The confi dences of internal branches of the resulting trees were statistically tested by bootstrap supporting analyses of 10,000 replications.
Results
Phylogenetic tree based on COX II gene
The size of COX II amplicons varied approximately from 558 -568 bp. The nucleotide sequences were confi rmed as COX II mtDNA of P. insidiosum by blastn comparisons against the data in GenBank and they appear to encode functional product when translated into amino acid using blastx. The ratio of conserved region to polymorphic region was 3:2 (356 bp and 262 bp, respectively). The transition, transversion, deletion and insertion were detected and the percentage of these polymorphisms was 11.1% in AT-rich partial COX II sequences. The COX II phylogenetic tree was generated using NJ analysis. Its pairwise sequence distance ranged from 0.0000 -0.0608. Based on 10,000 bootstrap replicates, the tree of COX II revealed three major clusters among these 33 P. insidiosum isolates, i.e., A TH , B TH , and C TH clusters (Fig. 1) . Cluster B TH and C TH included the majority of isolates (93.9 %) from both human and environment sources, while the remaining isolates from equines from the USA (MTPI19 and MTPI04 isolates) were grouped together as cluster A TH . The two Thai clusters, B TH and C TH , could be divided into three and two sister groups, respectively, with bootstrap support values over 50% as indicated in Fig. 1 (named as B1 TH , B2 TH , B3 TH , C1 TH , and C2 TH , respectively).
Phylogenetic tree based on ITS region
The ITS amplifi ed regions of 15 P. insidiosum isolates and three other Pythium species were sequenced in this study, whereas the other 20 ITS sequences (18 from Thai environmental sources and one each of P. sojae and L. giganteum ) were obtained from GenBank (Table 1) [ 16 -18,25] . Amplicons of P. insidiosum isolates varied highly in size from 871 -898 bp. Sequence variation among the aligned ITS sequences of P. insidiosum was due mostly to transitional substitutions (94.2 %), but 5.8% insertions and deletions were also detected. Large insertions and deletions mainly occurred when the other three Pythium species, P. sojae, and L. giganteum were added to the alignment. The amount of 303 bp conserved bases and 636 bp variable nucleotide sequences were detected. The variation of ITS region was 47.72%.
The pairwise sequence distances of the ITS regions among P. insidiosum isolates ranged from 0.0000 -0.2832. The phylogenetic relationship among P. insidiosum isolates from clinical and environmental sources compared with those of other Pythium species, P. sojae and L. giganteum showed that the clinical and environmental P. insidiosum isolates were grouped into two strongly supported clusters (clusters B TH and C TH , with bootstraps values of 87% and 98%, respectively, Fig. 2 ).
Discussion
Thirty-three isolates of the emerging fungus-like, P. insidiosum , from various sources were included in the investigation to study the phylogenetic relationship using rDNA and mtDNA sequences (ITS region and COX II, respectively). All isolates were classifi ed into three main groups, i.e., A TH , B TH and C TH (Figs. 1 & 2) . The geographic distribution criteria of 23 isolates of P. insidiosum from different global regions by ITS sequences were demonstrated by Schurko et al . [16] . Later, Supabandhu et al .
[17] isolated P. insidiosum from agricultural sources in the northern part of Thailand to examine them for their association with the clinical isolates. The results demonstrated that the environmental isolates were placed in clade B and C which correspond to cluster II and III of Schurko et al . [16] . It should be noted that our study included some common isolates in all three clades, type strain (MTPI19) and some environmental isolates (Table 1 ) from both of these previous studies [16, 17] . The phylogenetic tree demonstrated 100% similarity with the earlier investigations.
Although ITS regions have been widely used in phylogenetic studies for over a decade, some newly proposed genes coding for metabolic proteins, cytochrome c oxidase subunit II ( COX II), are becoming better candidates for investigating the genetic relationship of microorganisms. Comparison of the groupings of P. insidiosum isolates in the ITS tree and the COX II tree were topologically similar. Considering the two NJ trees (Figs. 1 & 2) , all P. insidiosum isolates were phylogenetically clustered together as a monophyletic group and placed distantly from other Pythium species, P. sojae and L. giganteum . The results showed that both COX II and ITS sequences used for phylogenetic analyses placed P. insidiosum in three major clusters with very high bootstrap support. Likewise, the clusters B TH and C TH from both COX II and ITS regions were composed of Thai strains including those from 12 human cases (ten disseminated pythiosis, two ocular pythiosis) and 19 from the environment. Moreover, both COX II and ITS trees grouped MTPI19 and MTPI04 isolates into the cluster A TH . These two isolates were recovered from equine pythiosis in the Americas (Costa Rica and Texas, respectively). Within the cluster B TH of the COX II tree revealed several sister groups with much higher resolution than those observed in the ITS tree ( Figs. 1 & 2) . Relative to the literature, the fi rst use of COX II sequences to reveal the genetic taxonomy in Peronosporomycetes taxa, including Pythiaceae was by Hudspeth [25] . Pythium and Lagenidium species were located in a cluster distantly from Phytophthora species. However, some other reports only demonstrated that Pythium , Phytophthora , and Lagenidium were placed together in the order Pythiales, family Pythiaceae [26 -28] . Furthermore, there were several reports demonstrating the application of COX II to evaluate relationships at the generic and species levels [18, 20, 29] . These three investigations examined the relationship of the zoosporangial morphology, nuclear DNA and mtDNA ( COX II) sequences. Similar classifi cations were delineated by using either morphologic or genetic features. The experiment by Villa et al . [18] revealed the separation at the genus level, whereas Martin [20] and Kageyama et al . [30] demonstrated data at the inter-and intra-species level. Moreover, Garzon et al . [29] also supported the previous results and found a new species, Pythium cryptoirregulare , within the Pythium irregulare complex. This is an alternative tool to classify the Pythium species since zoosporangium and sexual structure are hardly produced in some cultures. Our results were consistent with the previous data that COX II is able to separate intra-species level. Moreover, the use of COX II sequences generated phylogenetic tree with higher resolution than ITS (Figs. 1 & 2) . Therefore, the use of this coding gene sequence should be explored as a novel marker for the phylogenetic analysis of P. insidiosum . Finally, the challenging task of applying the COX II gene as a new approach to classify other fungal pathogens should be performed. 
Declaration of interest:
The authors report no confl ict of interest. The authors alone are responsible for the content and writing of the paper.
